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Abstract  
Nowadays, the use of nanomaterials to improve the properties of 
concrete is in high demand. The introduction of nanomaterials in 
concrete serves to increase its strength and durability. Nanomaterials are 
classified as materials with a particles size of less than 200 nm. In concrete 
research, the nanomaterials used should be at least 500 nm. The addition 
of nanomaterials such as nano-silica and nano-metakaolin will help to 
reduce the cement content by partially replacing cement on weight 
basis to improve the binding effect. Also, the nanomaterial helps to 
reduce micro pores by acting as a filler agent, thereby producing a very 
dense concrete which automatically reduces the growth of micro pores 
in Ultra-High Performance Concrete (UHPC) structures.  
Keywords— concrete durability, nanomaterials 
1.0 INTRODUCTION 
In the construction industry, one of the most versatile materials which is 
commonly used is concrete. Components or objects of any shape or 
size can be made using concrete. Besides that, its parameters can be 
adapted to individual needs. Concrete prefabrication is a large branch 
of the construction industry. In order to significantly reduce construction 
time, all or some of the parts or elements are delivered and assembled 
at the construction site [1]. As technology advances, the continuous 
development of high performance concrete in the field of construction 
engineering is being conducted. To obtain higher performance 
concrete, an innovation in material technology is needed [2]. Even 
though concrete and cement mortar are the most popular building 
materials in the construction field, there are still a few disadvantages 
caused by the nature of the material such as low tensile strength, low 
chemical resistance and also low bonding strength in repair 
applications [3]. 
 
Many facts show that concrete is not stable at high temperatures. 
Therefore, exposure to overheating significantly affects the performance 
of concrete structures. Chemical and physical transformations in 
aggregates and cement occur during the heating process which results 
in a change to the mechanical properties of this material. Modern 
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materials for additives and admixtures may provide the solution to 
improve a variety of properties and thus can be used to overcome 
some of the disadvantages. Many efforts have been made to improve 
the properties of concrete, including the selection of proper aggregates 
and the incorporation of certain types of fibres and supplementary 
cementitious materials for concrete mixes [4]. 
 
The use of additives is the most effective way that can enhance the 
quality of concrete in modern construction practices with reasonable 
and proper application of target complex additives [5]. Concrete 
structures that are exposed to the environment have to be designed for 
durability as well. Without any external protection system, normal 
concrete structures can be very sensitive to environmental factors. 
There are many different solutions that have been applied to improve 
the durability of concrete structures. One of the solutions is by 
incorporating the use of nanomaterials which lowers the porosity of 
cement stone [6]. It was shown that the lower the porosity of cement 
stone, the better the durability performance of concrete (Nemes, 
Fenyvesi, 2013). However, this nano-cement has a more rapid hydration 
rate compared to Portland cement [7]. 
2.0 NANOTECHNOLOGY 
The strength of concrete is characterised and classified by its high 
mechanical properties and durability. These superior properties can be 
achieved by lowering the maximum aggregate size and also by using 
high cementitious content with very low water to cementitious materials 
[8]. 
Nowadays, nanotechnology has attracted considerable scientific 
interest due to the new potential uses of particles in nanometer scale 
(nanomaterials). Thus, industries should be able to re-engineer many 
existing products that function at unprecedented levels compared to 
previous technology. Due to these developments in nanoscience and 
also technology, various forms of nano-sized materials have become 
available. As these materials have a higher specific surface area, 
considerable research effort is needed to investigate the influence or 
effects of nanomaterials on the properties of cement-based materials 
[9] especially in terms of durability. 
 These nanotechnology ideas for the modification of composite 
properties at a nanometer scale are not new in the construction industry 
[10] as an alternative solution to improve the strength and durability of 
construction materials. Many reports showed that the potential 
applications of nanomaterials and nanofibres in construction and also 
building materials for improving the strength and durability of concrete 
materials are able to reduce pollution problems. Cheaper steel 
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production that is corrosion-free, better thermal insulation performance, 
thin film materials with nanosensors as well as the ability to self-repair are 
some of the other benefits of nanotechnology [11&12]. 
3.0 NANOMATERIALS 
With advancing technology, new materials and applications are being 
used widely in the construction industry. One of the materials that has 
recently been used to improve the durability of concrete is 
nanomaterial. Nanomaterials are materials which can be optimised at a 
nanoscale between 1nm to 100nm. Nanomaterials are increasingly 
being used to produce self-compacting concrete with high durability 
and performance [13]. In fact, nanomaterials are able to fill the voids 
between cement and silica fume particles due to their extremely small 
size which can lead to a higher packing level and a denser binding 
matrix. This can also enable a significant improvement on both the 
durability and mechanical properties of concrete [14]. 
 A number of attempts have been made to incorporate 
nanomaterials in concrete research. Commonly used nanomaterials 
include nanosilica and also nano-metakaolin. Many studies show that 
the utilisation of nanomaterials such as nanosilica and nano-metakaolin 
can significantly improve the durability and also the thermal resistance 
of concrete by retaining a higher relative residual strength and reducing 
surface cracks. However, most of these attempts remain inconclusive. 
 Now, the only nanomaterial that is used in concrete for the 
purpose of construction is nanosilica. Nanosilica has been shown to be 
more effective in increasing the strength of concrete [15&16]. 
3.1 Nanosilica 
Nanosilica is a by-product of the manufacture of silicon metal and ferro-
silicon alloys. It is a highly reactive pozzolana that converts all or most of 
the liberated calcium hydroxide to C-S-H. Pozzolanic ash is a siliceous or 
siliceous and aluminous material which reacts with calcium hydroxide in 
the presence of water at room temperature. Nano-silica also can either 
be added separately to the concrete mixer, where they are referred to 
as ‘additions’ or incorporated into factory-produced composite 
cement. 
 Silicon dioxide nanoparticles are also known as silica 
nanoparticles or nanosilica which are the basis for a great deal of 
biomedical research due to their stability, low toxicity and ability to be 
functionalised with a range of molecules and polymers. Nanosilica 
particles are divided into P-type and S-type according to their structure. 
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The P-type particles are characterised by numerous nanopores which 
have a pore rate of 0.61 ml/g. The S-type particles have a 
comparatively smaller surface area. The P-type nano-silica particles 
exhibit a higher ultraviolet reflectivity compared to the S-type. Silicon 
belongs to Block P, Period 3 while oxygen belongs to Block P, Period 2 of 
the periodic table. 
 The chief applications of silica nanoparticles include being used 
as an additive for rubber and plastic, a strengthening filler for concrete 
and other construction composites, and as a stable, non-toxic platform 
for biomedical applications such as drug delivery and theranostics. The 
tables below show the chemical properties, physical properties and 
thermal properties of nanosilica. 
Table 1: The chemical properties of silicon dioxide 
Chemical Data 
Chemical symbol SiO2 
CAS No 7631-86-9 
Group 
Silicon 14 
Oxygen 16 
Electronic configuration 
Silicon [Ne] 3s2 3p2 
Oxygen [He] 2s2 2p4 
  
 
Chemical Composition 
Element Content (%) 
Silicon 46.83 
Oxygen 53.33 
 
Table 2: The physical properties of nanoparticles  
(Silicon dioxide nanoparticles appear in the form of a white powder) 
Properties Metric Imperial 
Density 2.4 g/cm3 0.086 lb/in3 
Molar Mass 59.96 g/mol - 
 
Table 3: The thermal properties of silicon dioxide nanoparticles 
Properties Metric Imperial 
Melting Point 1600°C 2912°F 
Boiling Point 2230°C 4046°F 
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3.1.1 Production method of nanosilica 
According to Said et al. [17] nanosilica products can be manufactured 
through a sol-gel process (organic or water route) at room temperature. 
To begin with, materials (mainly Na2SiO4 and organometallics like 
TMOS/TEOS) are added to a solvent. The pH of the solution will change 
and later reach the precipitation of silica gel.  The gel is aged and 
filtered to become a xerogel. This xerogel is dried and burned or 
dispersed again with a stabilizing agent (Na, K, NH3, etc.) to produce a 
concentrated dispersion (20 to 40% solid content) suitable for use in the 
concrete industry.  An alternative production method is based on the 
vaporisation of silica between 1500 to 2000 °C by reducing quartz (SiO2) 
in an electric arc furnace.  
 Furthermore, nanosilica is produced as a byproduct of the 
manufacture of silicon metals and ferro-silicon alloys, where it is 
collected by subsequent condensation to fine particles in a cyclone. 
The process produces a very fine silica powder consisting of spherical 
particles or microspheres with a main diameter of 150 nm with a high 
specific surface area (15 to 25 m2/g) [17]. Previous researchers 
developed a biological method to produce a narrow and bimodal 
distribution of nanosilica from the digested humus of California red 
worms (between 55nm to 245nm depending of calcination 
temperature). By means of this method, nanoparticles having a 
spherical shape with 88% process efficiency can be obtained. These 
particles were produced by feeding worms with rice husks and 
biological waste materials that contain 22% of SiO2.   
 Finally, nanosilica can also be produced through the 
precipitation method. Nanosilica is precipitated from a solution at 
temperatures between 50 to 100 °C (precipitated silica). It was first 
developed by Iller in 1954. This method uses different precursors like 
sodium silicates (Na2SiO3), burned rice husk ash (RHA), semi-burned rice 
straw ash (SBRSA), magnesium silicate and so on.  In addition, nanosilica 
can also be developed via an alternative production route. Basically, 
olivine and sulphuric acid are combined, whereby precipitated silica 
with extreme fineness but agglomerate form is synthesised (nanosize 
with particles between 6 to 30 nm). This procedure is cheaper than the 
production of contemporary microsilica [17]. 
3.1.2 Applications of nanosilica 
Nanosilica is mainly used as an anti-bleeding agent that can be applied 
in HPC and SCC concrete. Besides that, nanosilica can be used to 
increase the cohesiveness of concrete and reduce segregation 
tendency. Some researchers found that the addition of colloidal 
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nanosilica causes a slight reduction in the strength development of 
concrete with ground limestone. However, it does not affect the 
compressive strength of mixtures with fly ash or ground fly ash (GFA). 
Furthermore, the utilisation of nanosilica can also produce HPC 
concrete with a compressive strength of 85 MPa, anti-bleeding 
properties, high workability and short demoulding times (10 hours) [17]. 
 
Fig. 1: Nanosilica presence in concrete [17]. 
 Generally, chemical admixtures can be used with nanosilica in 
the same way as conventional concretes. It is normally used together 
with superplasticizer or High Range of Water Reducing Agent (HRWRA) 
to maximise the full strength producing potential.   
 Nanosilica can also protect embedded steel in concrete against 
corrosion by the alkalinity of cement paste. Despite any reduction in 
calcium hydroxide resulting from the incorporation of nanosilica, the pH 
of the cement paste remains at an adequately high level to protect 
steel. Carbonation can reduce the alkalinity which helps to protect 
steel. Silica concrete tends to show greater carbonation than CEM I 
mixes of equivalent 28-day strength. 
3.1.3 Effect of nanosilica addition in concrete and mortar 
Microsilica can be divided into two working stages, namely chemical 
effect (pozzolanic reaction of silica with calcium hydroxide forms more 
CSH-gel during the final stages) and physical effect (because 
microsilica is about 100 times smaller than cement) [17]. Microsilica can 
fill the remaining voids in partially hydrated cement paste, thereby 
increasing its final density. Also, it can fill the voids of the CSH-gel 
structure and act as a nucleus to bond tightly with CSH-gel particles. This 
Concrete Technology: Research and Application Series 1 
  
20 
 
means that nanosilica application reduces the calcium leaching rate of 
cement pastes which therefore increases their durability.  
 The addition of microsilica permits a reduction in cement weight 
and this weight reduction can be higher if nanosilica is used. The 
addition of nanosilica to cement paste and concrete can result in 
different effects. Cement paste and mortar with nanosilica require more 
water in order to keep the workability of the mixtures constant. It can be 
concluded that nanosilica exhibits a stronger tendency for the 
adsorption of ionic species in an aqueous medium and the formation of 
agglomerates is expected. Besides, nanosilica can improve the 
microstructure and reduce the water permeability of hardened 
concrete [17]. 
 The main mechanism of this working principle is related to the 
high surface area of nanosilica because it works as nucleation for the 
precipitation. However, it has not been determined whether cement 
hydration in the presence of nanosilica is caused by chemical reactivity 
upon dissolution or considerable surface activity. Besides that, the 
accelerating effect of nanosilica was established indirectly by 
measuring the viscosity change in cement paste and mortars [17]. 
 In terms of concrete strength, concrete made of silica fume 
follows the conventional relationship between compressive strength and 
w/c but strength is increased at a given w/c ratio when silica fume is 
used. High early compressive strength (in excess of 25N/mm2 at 24 
hours) can be achieved. With proper concrete design, very high 
strength can be achieved using normal ready-mixed concrete plants 
after a curing period of 28 days. 
 Meanwhile, the effect of silica on concrete durability is the fact 
that it can produce very large reductions in water permeability of up to 
one order magnitude or more, depending on the mix design and 
dosage of silica fume. The reduction in the size of capillary pores 
increases the probability of transforming continuous pores into 
discontinuous ones. As capillary porosity is related to permeability, the 
permeability to liquids and vapours is thus reduced by silica fume 
addition. 
3.1.4 Conclusion 
 
Based on the information above, it can be concluded that nanosilica 
can be used for the production of concrete with high strength, corrosion 
resistance, abrasion resistance and low permeability. It can also be used 
to replace up to 10% of cement to increase the compressive strength of 
concrete. The use of microsilica in high strength concrete leads to 
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bigger savings and faster construction. The advantages of incorporating 
nanosilica in concrete include lowering concrete permeability, 
significantly increasing concrete durability, increasing ultimate strength 
gain, improving bond strength to steel, significantly reducing alkali-silica 
reactivity, providing excellent resistance to sulphate or seawater attack, 
reducing steel corrosion and improving the thaw durability of concrete.  
3.2 Nano-metakaolin 
According to Said et al. [18], metakaolin consists of fly ash, rice husk ash, 
silica fume and slag in addition to calcined clays which is an example of 
pozzolanic substances. Utilisation of these materials for such purposes 
not only eliminates the problems of Portland cement but also results in 
high efficiency cement production. Pozzolona can be defined as 
siliceous/aluminous material which reacts chemically with calcium 
hydroxide (CH) in the presence of water to form compounds that 
possess cementitious properties. The use of metakaolin as cementitious 
material can attain various improvements, thereby leading to improved 
permeability and strength. It assists nuclei hydration, possesses 
pozzolanic activity and is able to fill the voids in the cement matrix. 
Besides, it can also facilitate the chemical reaction necessary to 
produce a dense structure with more calcium hydrates due to its small 
size. Furthermore, the use of metakaolin as a partial cement 
replacement material up to 10%-15% in mortar and concrete results in 
the improvement of pore structure, high resistance towards the 
transportation of water and the diffusion of harmful ions that leads to the 
degradation of the matrix. Metakaolin is normally used in the 
construction of bridges, dams, water retaining structures, high rise 
buildings, historical buildings and warehouses.  
3.2.1 Manufacturing process of nano-metakaolin 
Dehydroxylation is the decomposition of kaoline crystals to a partially 
disordered structure. The result of isothermal firing begins at 420C and at 
about 100-200C clay minerals lose most of their adsorbed water. The 
temperature at which kaolite loses water by dehydroxylation is in the 
range of 500-800C. Meanwhile, a temperature of 700C is suitable for 
cement replacement. Above the temperature of dehydroxylation, 
kaolinite retains a two-dimensional order in the crystal structure. This 
product is known as metakaolin.  
3.2.2 Effect of nano-metakaolin addition in concrete 
Nano-metakaolin was found to be better at increasing the compressive 
and flexural strength of mortar than fly ash blended cement mortar at 
60 days of hydration age. It was demonstrated that the nanoparticles 
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were better at enhancing concrete strength compared to fly ash. Also, 
nano-metakaolin behaves not only as a filler to improve microstructures, 
but also as an activator to promote pozzolanic reaction. 
Using fly ash in blended cement is useful for a number of purposes. Fly 
ash in blended cement enhances workability and chemical resistance. 
It also reduces the heat of hydration and blocks alkalisilica reactions. 
The use of fly ash as a mineral admixture in high performance concrete 
improves both the strength and durability of concrete [19].  
3.2.3 Conclusion 
According to Murali and Struthee (2012), 7.5% of metakaolin increased 
the compressive strength of concrete by 14.2%, the split tensile strength 
by 7.9% and the flexural strength by 9.3%.  
 Based on the information above, the advantages of the 
utilisation of nano-metakaolin in concrete include facilitating finishing 
concrete surfaces through rubbing and smoothing, reducing the 
amount of cement in formation concrete, increasing the strength and 
durability of concrete, reducing the heat of hydration and increasing 
resistance towards chemical attacks. 
4.0 Previous Research 
The use of nanomaterials has contributed to numerous research studies 
in the past decade. Previous research work which was conducted at 
the Material and Structural Laboratory, Diponogero University in 
Semarang, Indonesia, showed that the substitution of nanomaterials in 
concrete mixes improves the performance of concrete. These 
specimens with the presence of nanomaterials showed an increase in 
flexural and compressive strength compared to conventional concrete 
mixed with the same water-cement ratio. A better cement-paste quality 
resulted from the hydration process that was improved by 
nanomaterials (nano-SiO2 and nano-Fe2O3). The use of nanomaterials 
also resulted in a more effective pozzolanic reaction. This means that 
the use of nanomaterials not only functions as an improving agent of 
cement microstructure, but also functions as an activator in promoting 
pozzolanic reaction [20].  
 Further research on the use of nanomaterials in concrete has also 
been conducted at Diponogero University in Semarang, Indonesia. The 
studies focused more on the substitution by weight of normal cement 
with nanomaterials as well as the compressive strength trend for 
different types of cements such as Portland Composite Cement (PCC) 
and Portland Pozzolane Cement (PPC). 
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 To conclude, nanomaterials have several uses. It can be used to 
increase density by filling up microvoids between cement and 
aggregates, improve the structure of aggregate contact zone between 
aggregate and cement paste and accelerate the hydration process of 
concrete mixes. Nanomaterials also have the ability to improve the 
toughness, tensile strength, shear strength and flexural strength of 
cement-based materials. 
5.0 CONCLUSION 
 
The influence of nanoparticles on the mechanical properties and 
durability of concrete has been studied. A summary of previous studies 
showed that all nanoparticles can be very effective in improving both 
the mechanical properties and durability of concrete. Results of this 
study seem to highlight that nanosilica and nano-metakaolin are the 
most highly utilised nanoparticles for the improvement of mechanical 
properties of high performance concrete. 
 To sum up, nanosilica has the potential to enhance the 
compressive strength of high performance concrete due to the reaction 
of nanomaterials. The improvement of ﬂexural strength through 
nanoparticles can also be achieved due to the ﬁller action of 
nanoparticles which increases the bond between the aggregate and 
the cement matrix.  
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